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INTRODUCAO

A Organizacao Mundial de Saude (OMS) define a adolescéncia como o periodo de transicédo
entre a infancia e a vida adulta, que abrange a faixa etaria de 10 a 19 anos, e é caracterizado por
importantes transformagdes fisicas e biologicas (1). No Brasil, dados do Instituto Brasileiro de
Geografia e Estatistica (IBGE) mostraram que, no ano de 2010, 17% da populacéo brasileira era
composta por adolescentes (2). A estimativa para o ano de 2020 € de que o total de adolescentes
brasileiros chegue a 30 milhdes (2).

A adolescéncia é um periodo de crescimento rapido, que envolve importantes mudancas
fisiologicas, neuroldgicas, sexuais e comportamentais (3). Entre as principais mudancas desse
periodo, destacam-se as alteracdes hormonais. Os hormdnios sexuais pubertarios e 0s hormonios do
crescimento sdo produzidos em maior quantidade, estimulando o crescimento esquelético e a
maturacdo sexual desses individuos (3), refletindo diretamente no aumento de massa 0ssea e
muscular, volume sanguineo e 6rgaos (4). Além da maturacdo dos 6rgaos sexuais e do crescimento,
as alteracGes hormonais da puberdade também se manifestam modificando o metabolismo. Nessa
fase, as alteracbes metabdlicas ocorrem rapida e dinamicamente, e refletem em diversos parametros
de satde, como regulacdo hormonal (5), varia¢cdes na proporc¢do e distribuicdo da gordura corporal
(6), modificacbes de marcadores cardiometabolicos (7) e aumento da resisténcia a insulina (8),
principalmente entre as meninas (9).

Paralelamente as mudancas fisioldgicas, os adolescentes sdo expostos a indmeras
modificacfes ambientais, emocionais e sociais. Novos habitos, preferéncias e experiéncias dessa
fase repercutem sobre a vida atual e futura desses individuos, modificando aspectos relacionados a
valores, saude individual, desenvolvimento psicossocial e, inclusive, a alimentacdo (10). Esta fase
de mudancas associada a um estilo de vida pouco saudavel, tem feito com que doencas antes
observadas somente em adultos sejam observadas em uma populacdo cada vez mais jovem (11, 12).

Embora a maioria das manifestagdes clinicas de doencas cardiovasculares inicie na idade
adulta, evidéncias indicam que o0 processo aterosclerotico pode ter seu inicio na infancia, por meio
do aparecimento de estrias gordurosas na camada intima da aorta muito precocemente e nas
coronarias durante a adolescéncia (12). Ja& o desenvolvimento de diabetes mellitus tipo 2 tem
ocorrido de forma mais precoce, como consequéncia da constante mudanca no estilo de vida dessa
populacdo (11), além da predisposicdo genética individual (12). Nesse cenario, a prevencdo das

doencas cardiometabolicas deve ser feita precocemente, avaliando a presenca de fatores de risco
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modificaveis (12), como aumento do comportamento sedentario (13), reducdo da atividade fisica
(14) e, principalmente, padrdes alimentares ndo saudaveis (15).

Comportamentos alimentares ndo saudaveis sdo bastante comuns durante a adolescéncia e
constituem um importante fator de risco a saude (3). Estudos recentes tém revelado altas
prevaléncias de habitos alimentares inadequados neste grupo etario, como 0 aumento do consumo
de alimentos ultraprocessados, com alta densidade energética e baixo teor nutricional, e a reducao
do consumo de alimentos ricos em fibras e micronutrientes, como frutas e hortalicas (16-19).

O estudo HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence), ao avaliar
adolescentes europeus na faixa etaria de 12 a 17 anos, observou que o0s participantes ndo atingiram
as recomendacBes minimas de consumo para frutas, vegetais, carnes e leites; além de apresentarem
consumo excessivo de bebidas acucaradas e alimentos ricos em gordura (20). No Brasil, a Pesquisa
Nacional de Saude do Escolar (PeNSE) foi o primeiro inquérito nacional que objetivou investigar 0s
fatores de risco a salde em adolescentes, incluindo padrdes alimentares (21). Os resultados da
PeNSE indicaram consumo insuficiente de frutas e vegetais nessa populagdo, somado ao excesso de
calorias provenientes de aclcares e gorduras saturadas na dieta (22). Dados mais recentes,
referentes ao estudo ERICA (Estudo de Riscos Cardiovasculares em Adolescentes), uma pesquisa
com delineamento transversal, de base escolar e nacionalmente representativa, foram semelhantes
aos dos estudos anteriores (19). Nessa pesquisa, 0s resultados mostraram consumo insuficiente de
frutas, vegetais, leites e queijos, somado ao consumo excessivo de bebidas agucaradas e doces,
evidenciando a baixa adesdo as diretrizes dietéticas internacionais em todas as regides e niveis
socioeconémicos do pais (19).

Alimentos especificos tém sido constantemente associados a desfechos em salde, como o
consumo de alimentos integrais como fator protetor para doencas cardiovasculares (23) ou o
consumo de alimentos ultraprocessados como fator de risco para esse mesmo desfecho (24).
Embora a avaliacdo de um Unico alimento ou nutriente possa ser aplicavel para investigar seus
efeitos sobre um desfecho especifico (25), esse metodo nédo é adequado para identificar os efeitos de
um padréo alimentar sobre a satde ou para determinar a qualidade geral da dieta, uma vez que néo
considera a complexidade das interagbes entre os nutrientes e a variedade dos alimentos
consumidos (26). Dessa forma, o interesse pela investigacdo da qualidade geral da dieta, e ndo de
alimentos ou nutrientes individuais, tem aumentado significativamente e novos métodos de

avaliagdo vém sendo criados.
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Ferramentas para avaliacao de qualidade alimentar

A avaliacdo da qualidade da dieta € um método que considera tanto a qualidade, quanto a
variedade e o equilibrio global dos alimentos consumidos (27). Assim, ao avaliar a dieta em sua
totalidade, e possivel identificar diferentes padrdes alimentares e verificar se estes estdo alinhados
as diretrizes dietéticas (28). Nesse contexto, a utilizagdo de indices capazes de avaliar 0 consumo
total de alimentos e nutrientes, incluindo aspectos especificos da dieta, e que permitam analise
individual ou populacional, torna-se essencial.

Os indices de qualidade da dieta sdo ferramentas alternativas que fornecem visdo geral da
dieta em sua totalidade e, por isso, sdo bastante utilizados para reconhecer padrfes alimentares (27).
Esses indices permitem classificar o consumo alimentar de um individuo em relacéo a nutrientes ou
recomendacOes alimentares especificas, a partir de um escore numérico, como medida do efeito
geral da dieta (27). Entre as principais vantagens da sua aplicacéo, destacam-se a facil interpretacdo
e compreensao dos escores pela populagédo (29) e a possibilidade de avaliar a complexidade da dieta
humana, resumindo-a em uma pontuacdo a partir de diretrizes para uma dieta saudavel (30-32). O
desenvolvimento e a aplicacdo desses indices tém se expandido rapidamente, assim como a
investigacdo da sua relacdo com indicadores de satde na populacao (28, 33).

Nos Ultimos anos, varios indices de qualidade da dieta tém sido desenvolvidos, e sua
aplicacéo para quantificar o risco de condigdes cronicas de saude é frequente, especialmente entre a
populacdo adulta (34-36). Entre eles, destaca-se o indice de qualidade da dieta (IQD). Em 1995,
Kennedy et al. (37) desenvolveram o healthy eating index (HEI) como uma ferramenta para avaliar
a aderéncia as recomendacOes das diretrizes nutricionais norte-americanas. O HEI ¢ atualizado a
cada cinco anos, conforme modificagdes nas diretrizes.

No Brasil, o HEI ja foi adaptado a populacdo brasileira em diferentes faixas etarias. Em
2004, o HEI foi adaptado por Fisberg et al. (38) a partir das recomendagdes da piramide alimentar,
originando a primeira versao do 1QD. Em 2011, o 1QD foi modificado por Previdelli et al. (39) apds
a publicacdo do Guia Alimentar Para a Populacéo Brasileira (40), originando o indice de qualidade
da dieta revisado (IQD-R). Os escores de pontuagédo do HEI e suas adaptagdes (IQD e IQD-R)
variam de 0 a 100 pontos, onde valores mais altos correspondem a maior qualidade geral da dieta.
Estes indices ja foram validados para a populacao brasileira (38, 41). No entanto, sua aplicabilidade
ainda é questionada, pois sdo baseados em alimentos, nutrientes ou ambos, necessitando do uso de

tabelas de composicdo de alimentos, o0 que pode resultar em erros nas estimativas (42).
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Estudos ndo representativos tém sido realizados para avaliar a qualidade da dieta de
adolescentes de diferentes regides do Brasil. Andrade et al. (43), ao avaliarem a qualidade da dieta
de 1.584 adolescentes do estado de Séo Paulo, utilizando o HEI, observaram que mais de 97% dos
participantes apresentavam inadequacdes na dieta. No entanto, estudos conduzidos com outras
populagdes identificaram menores percentuais de inadequacdo na dieta. Wendpap et al. (44), ao
aplicarem o 1QD-R para avaliar a qualidade da dieta de 1.326 adolescentes de Cuiaba, encontraram
a media do escore de 75,1 pontos. Nesse estudo, maiores valores de 1QD-R foram associados a
melhor estilo de vida, como menor tempo sedentario e maior tempo de atividade fisica entre 0s
participantes. Castilhos et al. (18) também utilizaram o IQD-R para avaliar a dieta de 3,959
adolescentes de Pelotas. A média do escore encontrada foi de 62,4 pontos.

Alguns estudos comparativos avaliaram os habitos alimentares de adolescentes dos estados
de S&o Paulo e Rio de Janeiro, a partir de dados referentes a estudos transversais conduzidos em
diferentes periodos, identificando piora constante dos padrdes alimentares e na qualidade da dieta
entre a populacdo adolescente (45, 46). No entanto, as versGes dos indices utilizados foram
elaboradas para adultos e tém como base as recomendacdes dietéticas direcionadas a essa
populacdo. Dessa forma, os resultados obtidos entre a populacdo adolescente devem ser
interpretados com cautela (27).

indices de qualidade da dieta elaborados e adaptados para a populagdo adolescente ainda so
bastante escassos. Os principais indices validados estdo expostos na Tabela 1. Estas ferramentas
foram adaptadas as diretrizes nutricionais especificas para populacdes adolescentes, a fim de
determinar a qualidade global da dieta destes individuos e avaliar com precisdo a correspondéncia
entre 0 padrdo alimentar observado e as diretrizes nutricionais. No entanto, estes indices sdo
bastante especificos e podem néo referir a real qualidade da dieta de adolescentes pertencentes a
diferentes locais, caracterizados por diferentes culturas e padrdes alimentares (27). Nesse sentido,
adaptacdes devem ser realizadas sempre que uma nova populagéo for avaliada, buscando maior

proximidade a sua cultura alimentar e, assim, favorecendo analises mais precisas.
Fatores de risco cardiometabdlico
Estudos recentes tém explorado a associacdo entre a qualidade da dieta e desfechos em

saude. As evidéncias existentes indicam que dietas com melhor qualidade estdo associadas a

menores riscos de desenvolvimento de DCNT entre a populacdo adulta (47). Uma reviséo
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sistematica com metanalise conduzida por Schwingshackl e Hoffmann (48) reuniu dados de 15
estudos longitudinais, totalizando mais de 1 milh&o de participantes, e mostrou que escores mais
altos nos indices de qualidade da dieta estdo associados a risco reduzido de mortalidade por todas as
causas, desenvolvimento de diabetes tipo 2, e menor incidéncia e mortalidade associadas a doencas
cardiovasculares e cancer. A qualidade da dieta também é associada a parametros metabolicos mais
favoraveis nessa populacéo. Os principais resultados demonstram maiores niveis de colesterol HDL
(HDL-c) (28, 49) e menores niveis de colesterol LDL (LDL-c) (50, 51), triglicerideos (49) e
glicemia de jejum (49, 50) conforme a qualidade da dieta aumenta.

No entanto, o nimero de estudos que avaliam a associacdo da qualidade da dieta com
desfechos em salde entre a populacdo adolescente ainda é bastante limitado. Rocha et al. (9)
realizaram uma revisdo sistematica incluindo nove estudos transversais e longitudinais, a fim de
avaliar a associacdo entre padrdes alimentares e fatores de risco cardiometabolicos em criancas e
adolescentes. No geral, os autores destacaram associag0es negativas entre dietas de maior qualidade
e marcadores de risco cardiometabolico, como niveis de colesterol total, LDL-c e triglicerideos; e
associagdes positivas entre o0s escores de qualidade da dieta e niveis de HDL-c, considerado fator
protetor para esse desfecho (9).

Na Australia, Appannah et al. (52) avaliaram 2.900 adolescentes participantes do estudo
longitudinal Western Australian Pregnancy (Raine), e identificaram que dietas de menor qualidade,
compostas por alimentos com alta densidade energética, ricos em gordura e pobres em fibras, eram
associadas a insulinemia nessa populacdo, independente do sexo. Em um estudo transversal,
Ambrosini et al. (53) também avaliaram adolescentes australianos, visando investigar a associacdo
entre padrdo alimentar e marcadores de risco para sindrome metabdlica (SM) e doencas
cardiovasculares entre essa populagdo. Os autores observaram que dietas com maior qualidade
estavam negativamente associadas aos niveis de colesterol total, especialmente entre meninas (53).
No México, Romero-Polvo et al. (54) conduziram estudo transversal que analisou os padrdes
alimentares de 916 criancas e adolescentes. Os resultados deste estudo indicaram que individuos
com menores escores de qualidade da dieta tinham uma chance maior de desenvolver resisténcia a
insulina (54). Outros estudos avaliando individuos nessa faixa etaria observaram o mesmo padréo,
referindo maiores concentrag¢fes de insulina entre individuos com menores escores de qualidade da
dieta (53-56).

No Brasil, Dishchekenian et al. (57) conduziram estudo transversal com 76 adolescentes

provenientes de S&o Paulo e encontraram associagao negativa entre os escores de qualidade da dieta
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e as concentracBes de LDL-c, triglicerideos e insulina; enquanto HDL-c mostrou associagdo
positiva com dietas de maior qualidade. Ramos (58), ao avaliar os padrdes alimentares de 212
adolescentes vinculados ao Programa Médico de Familia (PMF) do Rio de Janeiro, observou que
maiores escores de avaliacdo da dieta estavam associados a menores valores de LDL-c e
triglicerideos nessa populagdo. Estes achados condizem com as evidéncias existentes na literatura
(55, 57-61). Contudo, a relagédo existente entre qualidade da dieta e glicemia de jejum permanece

incerta e novos estudos devem ser realizados para esclarecer esse ponto (53, 57-59).

Estudo de Riscos Cardiovasculares em Adolescentes (ERICA)

O Estudo de Riscos Cardiovasculares em Adolescentes (ERICA) é um estudo multicéntrico
de base escolar, com delineamento transversal e representatividade nacional, que teve como
objetivo estimar a prevaléncia de fatores de risco cardiovascular em adolescentes brasileiros na
faixa etéria de 12 a 17 anos.

Para o calculo amostral, a populacdo alvo foi estratificada em 32 estratos geograficos. Os
estratos foram constituidos por cada uma das capitais mais cinco estratos com o conjunto de
municipios com mais de 100 mil habitantes de cada uma das cinco macrorregifes do pais. Apés a
estratificacdo geografica, as escolas e as turmas foram selecionadas (62). A sele¢do das escolas foi
baseada nos dados do Censo Escolar 2009 (revisto em 2011). Apds os registros das escolas serem
classificados por situacdo (&reas urbanas ou rurais) e dependéncia administrativa (publica ou
privada), a selecéo foi realizada.

As escolas foram selecionadas em cada estrato geografico com probabilidade proporcional
ao numero de alunos matriculados. Ao todo, 1.251 escolas de 124 municipios foram selecionadas.
Posteriormente, trés classes em cada escola amostrada foram selecionadas com probabilidades
iguais. O ano escolar foi utilizado como proxy da idade, e apenas as classes dos 7°, 8°, e 9° anos do
ensino fundamental e 1° 2° e os 3° anos do ensino médio foram consideradas elegiveis. Em cada
classe escolar selecionada, todos os alunos foram convidados a participar da pesquisa (62). O
calculo do tamanho da amostra, 0 processo de amostragem e a confiabilidade dos dados podem ser
encontrados em publicagOes anteriores (62, 63).

A coleta de dados incluiu: a) questionario do adolescente abrangendo 11 blocos tematicos
(caracteristicas sociodemograficas, trabalho, atividade fisica, comportamento alimentar, tabagismo,

consumo de &lcool, saude reprodutiva, saude bucal, morbidade, duracdo do sono e transtorno

16



mental); b) medidas antropomeétricas aferidas por avaliadores treinados, com coleta de peso, altura,
circunferéncia da cintura e do braco; c) pressao arterial e batimentos cardiacos avaliados em trés
medicOes consecutivas por avaliadores treinados; d) recordatorio alimentar de 24 horas; €) coleta de
sangue realizada com os alunos do turno da manhéa que fizeram jejum de 10-12 horas, sendo dosado
colesterol total, HDL-colesterol, triglicerideos, glicose, hemoglobina glicada (HbA1c) e insulina
(64, 65).

Para avaliar a ingestdo alimentar, um recordatorio alimentar de 24 horas (R24h) foi
realizado em uma entrevista presencial por entrevistadores treinados, usando o método de passes
multiplos para reduzir a subnotificagdo do consumo de alimentos (66). O R24h foi inserido
diretamente nos netbooks utilizados no estudo a partir de um software para registrar os dados de
consumo de alimentos, o ERICA-REC24h, criado especificamente para o ERICA (67).

O software ERICA-REC24h continha uma lista de 1626 itens alimentares desenvolvidos a
partir do banco de dados da Pesquisa de Orcamentos Familiares (POF) 2008-2009, realizada pelo
IBGE (67, 68). As fotografias incluidas no software foram usadas para ajudar os adolescentes a
estimar o tamanho das porc¢des consumidas. A preparacao e a quantidade de alimentos consumidos
foram registradas em detalhes. Os itens alimentares que ndo estavam no banco de dados de software
foram inseridos pelos entrevistadores durante a entrevista. Para corrigir a variabilidade intrapessoal,
um segundo R24h foi coletado em um dia ndo consecutivo em uma subamostra aleatoria de
aproximadamente 10% da amostra total (69).

A aplicacdo do R24h gerou um banco de dados com 1.128 alimentos. Devido ao grande
numero de dados alimentares, os itens relatados foram agrupados de acordo com a similaridade dos
macronutrientes, criando grupos alimentares com composigdo nutricional muito semelhante. Os
alimentos relatados foram categorizados em 19 grupos diferentes e o consumo final foi estimado em
gramas para cada um desses grupos. A ingestao total de energia foi estimada considerando a Tabela
de Composicdo Alimentar Brasileira (70) e a Tabela de Tamanho da Porcéo Brasileira (71). Apos a
coleta, os dados foram disponibilizados imediatamente no banco de dados central (63). Estudantes
com consumo de energia inferior a 100 kcal/dia foram excluidos das analises (72).

Ao todo, o nimero de adolescentes elegiveis para participar do ERICA foi de 102.327.
Destes, 75.589 preencheram um questionario (PDA), 73.160 completaram um recordatério
alimentar de 24 horas (R24h), 73.787 realizaram medidas antropométricas e 40.732 coletaram
amostras de sangue. Foram excluidos adolescentes fora da faixa etaria (12 a 17 anos) (n = 11.265),
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gestantes (n = 215) e individuos com deficiéncia fisica ou mental (que ndo permitiram a realizacao
de medicGes de pesquisa) (n = 364).

Para o célculo dos pesos amostrais, as informac6es dos adolescentes divididas em dois
subconjuntos finais: 1) Adolescentes dos turnos manha e tarde (total de 71.553 adolescentes) com
informacdes de questionario, antropometria, pressao arterial e recordatorio alimentar de 24 horas; 2)
Alunos do turno da manh& que participaram da coleta de sangue (total de 36.956 adolescentes) com
informacdes do primeiro subconjunto e resultados dos exames bioquimicos (73).

Previamente as coletas, foi obtido um contrato por escrito de cada aluno e um consentimento
informado foi assinado pelos pais ou responsaveis legais. O ERICA foi aprovado pelo Comité de
Etica em Pesquisa do Instituto de Estudos em Sadde Publica da Universidade Federal do Rio de

Janeiro e pelos Comités de Etica das outras 26 unidades da Federacéo.

Avaliacdo da qualidade alimentar no estudo ERICA

A fim de avaliar a qualidade da dieta da populacdo do ERICA, recentemente, Ronca et al.
(19) adaptaram o DQI-A a cultura alimentar de adolescentes brasileiros, resultando na criacdo do
indice de qualidade da dieta para adolescentes adaptado para brasileiros (IQDA-BR). O IQDA-BR é
composto por trés componentes alimentares que definem os principios de habitos alimentares
saudaveis, considerando diretrizes alimentares da Bélgica (74), diretrizes nutricionais da
Organizacdo Mundial da Saude (75), assim como o DQI-A. Ambas as diretrizes propdem um
padrdo alimentar saudavel que considera qualidade, variedade e moderacdo nos grupos alimentares
consumidos, onde a base da dieta deve ser composta por fontes alimentares de carboidratos
(idealmente gréos integrais), seguidas por grupos de frutas e vegetais (19).

Resumidamente, o IQDA-BR classifica os alimentos em grupos de alimentos recomendados
e ndo recomendados e avalia a dieta usual a partir de trés componentes (qualidade, diversidade e
equilibrio). De todos os grupos de alimentos, oito sdo recomendados: (1) pdo, batata e graos, (2)
legumes, (3) frutas, (4) produtos lacteos, (5) queijo, (6) carne, peixe e ovos, (7) feijoes, (8) gorduras
e Oleos e dois grupos alimentares ndo recomendados: (9) lanches e doces e (10) bebidas agucaradas,
sucos de frutas e bebidas alcodlicas. Para cada grupo alimentar, foi fornecida uma recomendacéo de
ingestdo diaria diferente, desenvolvida especificamente para adolescentes. Os grupos de alimentos
foram analisados com base nos trés componentes principais (qualidade, diversidade e equilibrio) e

estes tiveram pesos diferentes; a qualidade da dieta teve o dobro do peso dos demais grupos. A
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pontuagdo total do IQDA-BR varia de -33% a 100%; neste indice, uma pontuacdo mais alta
representa maior qualidade da dieta.

O IQDA-BR foi utilizado para avaliar a qualidade da dieta em uma amostra nacionalmente
representativa de adolescentes brasileiros que participaram do ERICA (19). O escore médio do
IQDA-BR foi de 14,8% para meninas e 19,0% para meninos. Os maiores escores médios foram
encontrados na regido Norte (17,0% para meninas e 20,7% para meninos); enquanto 0S menores
foram observados na regido Centro-Oeste (12,4% meninas e 16,8% meninos). Os resultados desse
estudo indicaram que a qualidade geral da dieta dessa populacdo € baixa e possui pequena variacao
entre 0S grupos com escores mais baixos e mais altos. Além disso, a baixa adesdo as diretrizes
dietéticas internacionais evidenciou a necessidade urgente de melhorias nos padrdes alimentares
dessa populacdo, em todas as regides e niveis socioeconémicos do pais, o que pode refletir
negativamente sobre a satde dos jovens.

A investigacdo da relacdo da qualidade da dieta com o perfil metabdlico entre adolescentes
brasileiros foi realizada em populagdes pequenas e especificas, ndo tendo sido investigada em
amostra nacionalmente representativa. Portanto, até o presente momento, a associacdo entre a
qualidade da dieta, determinada pelo IQDA-BR, e marcadores cardiometabolicos em adolescentes
brasileiros em amostra representativa em nivel nacional permanece desconhecida e precisa ser

explorada.
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OBJETIVOS

Os objetivos desta dissertacdo sdo descritos abaixo. Para atender aos objetivos propostos,
foram utilizados dados do ERICA, estudo multicéntrico de base escolar, com delineamento
transversal e representatividade nacional, considerado pioneiro na investigacdo de fatores de risco
para doengas cardiovasculares na populagédo adolescente brasileira.

Objetivo geral

1. Investigar a associacdo entre a qualidade da dieta, avaliada pelo IQDA-BR, e marcadores

cardiometabdlicos em adolescentes brasileiros.

Objetivos especificos

1. Avaliar a associacdo entre a qualidade da dieta e marcadores de risco cardiovascular
(colesterol total, colesterol LDL, colesterol HDL e triglicerideos) em adolescentes
brasileiros;

2. Avaliar a associacdo entre a qualidade da dieta e marcadores do metabolismo de glicose
(glicemia de jejum, hemoglobina glicada e insulina de jejum) em adolescentes brasileiros.
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Tabela 1. Descricdo dos indices de qualidade da dieta elaborados especificamente para

adolescentes.

indice Pais de origem Fa’|>§a Avaliagdo Propdsito Pontuacdo Resultados
etéria do consumo

Youth  healthy EUA 9 a 14 QFA Reflete a adesdo as 13 componentes alimentares, Escore geral de 59,1
eating index anos diretrizes nutricionais para com pontuacdo de 0 a 100. pontos; 59,6 entre
(YHEI) (42) americanos Escores mais altos refletem meninas, 58,6  entre

maior adesdo as diretrizes. meninos.
Modified Ird 6 a 18 QFA Reflete a adesdo as 10 componentes alimentares, Escore geral: 55,9.
healthy  eating anos diretrizes nutricionais para com pontuacdo de 0 a 100.
index  (mHEI) americanos, com Escores mais altos refletem
(76) adaptaces a  cultura maior adesdo as diretrizes.

iraniana

Healthy Alemanha 3 a 17 QFA Reflete a adesdo as 11 componentes alimentares, Escore geral de 55,5
nutrition score anos diretrizes nutricionais para com pontuacdo de 0 a 100. pontos; 56,4 entre
for kids and uma dieta variada para Escores mais altos refletem meninas, 54,5 entre
youth (HUSKY) criangas e adolescentes maior adesdo as diretrizes. meninos.
(77)
Australian child Austrélia 6 a 14 QFA Reflete a adesdo as Oito componentes alimentares, Escore geral de 25 pontos;
and adolescent anos diretrizes nutricionais com pontuagdo de 0 a 73. 26 entre meninas, 24 entre
recommended australianas para criangas Escores mais altos refletem meninos.
food score e adolescentes maior adesdo as diretrizes.
(ACARFS) (78)
New  Zealand Nova Zelandia 14 a 18 QFA Reflete a adesdo as Cinco componentes alimentares, Escore geral de 52,5
diet quality anos diretrizes nutricionais com pontuacdo de 0 a 73. pontos; 50,4 entre
index  adapted neozelandesas para [Escores mais altos refletem meninas, 55,7 entre
for adolescents adolescentes saudaveis maior adesdo as diretrizes. meninos.
(NZDQI-A) (79)
Diet quality Alemanha, 12 a 17 REC 24h Reflete a adesdo de 11 componentes alimentares, Escore geral de 51,2
index adapted Austria, anos adolescentes europeus as com pontuacdo de -33 a 100. pontos; 53,3 entre
for adolescents Bélgica, diretrizes nutricionais da Escores mais altos refletem meninas, 49,0 entre
(DQI-A) (17) Espanha, Franca, bélgica maior adesdo as diretrizes. meninos.

Grécia, Hungria,
Italia e Suécia

QFA: Questionario de Frequéncia Alimentar; REC 24h: Recordatdrio alimentar de 24 horas.
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Abstract

Purpose: To evaluate the association between diet quality, assessed by the Diet Quality Index for
Adolescents adapted for Brazilians (DQIA-BR), and cardiometabolic markers in adolescents.
Methods: The DQIA-BR and cardiometabolic markers were assessed in 36,956 Brazilian
adolescents (12-17 years old) enrolled in The Study of Cardiovascular Risks in Adolescents
(ERICA), a national school-based cross-sectional multicenter study in Brazil. For analyses, the
sample was stratified by sex and nutritional status. Multiple linear regressions were used to
investigate the association between the DQIA-BR and the cardiometabolic markers (total
cholesterol, HDL-c, LDL-c, triglycerides, fasting glucose, HbAlc and HOMA-IR). Adjusted
models were constructed with two input levels of covariates. First model was adjusted for sex, age
and socioeconomic status; in the second model, total energy intake, physical activity and sedentary
behavior were included.

Results: Higher score of DQIA-BR was associated with better cardiometabolic profile among girls
with normal weight; however, no association was observed among those with overweight/obesity.
Among boys with overweight/obesity, a better quality of diet was associated with lower
concentrations of total cholesterol (5 = -0.338, 95%CI: -0.611;-0.066) and LDL-c ( = -0.227,
95%CIl: -0.448;-0.005); but only LDL-c remained significant among those with normal weight (5 =
-0.115, 95%CI: -0.224;0.005).

Conclusion: The effects of diet quality on cardiometabolic risk factors differed according to sex
and the presence of overweight/obesity. Overall, the DQIA-BR is a suitable tool to evaluate the
association between diet quality and cardiometabolic markers among normal weight adolescents,

but not for adolescents with overweight/obesity, especially girls.

Keywords: Diet. Diet quality index. Nutrition assessment. Biomarkers. Cardiometabolic markers.

Adolescents.
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Introduction

Non-communicable chronic diseases (NCDs) are the leading cause of death worldwide [1].
According to the World Health Organization (WHO), in 2012, 38 million deaths were attributed to
NCDs; of these, 17.5 million were related to cardiovascular diseases and 1.5 million to diabetes
mellitus [1]. In Brazil, the NCDs were responsible for about 75% of total mortality in 2015 [2].
Although most clinical manifestations of cardiovascular disease and diabetes mellitus begin in
adulthood, their prevention should be done early in life, taking care of related modifiable risk
factors [3] such as increased sedentary behavior [4], reduced physical activity [5], and unhealthy
eating patterns [6, 7], in addition to the individual genetic predisposition [2].

Adherence to unhealthy dietary patterns, including increased intake of high-calorie and
poor-nutrient foods is related with increased risk for cardiovascular disease [6], diabetes mellitus
[8], some types of cancers and all-cause mortality in the general population [7]. In nutritional
epidemiology, studies have associated specific foods with health outcomes, such as whole grain
food consumption as a protective factor for cardiovascular disease [9] or ultra-processed food
consumption as a risk factor for this same outcome [6]. Although the evaluation of a single food or
nutrient may be applicable to investigate its effects on a specific health outcome [10], it is
inappropriate to identify the effects of a dietary pattern over health, since it does not consider the
complexity of interactions between nutrients in diet [11].

Diet quality indices are alternative tools to recognize dietary patterns as they provide an
overview of diet in its entirety [11]. The main advantages of these indices are the possibility to
assess the complexity of human diet and summarize it into a score, taking into account the dietary
patterns, guidelines for healthy diet and food preparation methods [12]. However, most dietary
indices were developed based on nutritional recommendations for adult populations and,
consequently, are unable to accurately assess the diet quality among adolescents.

The Diet Quality Index for Adolescents (DQI-A) was designed and validated in a sample of
1804 European adolescents aged 12 to 17 years enrolled in the European Healthy Lifestyle Study
for Adolescent Nutrition (HELENA) [10]. Recently, the DQI-A was adapted to better address the
food culture of Brazilian adolescents resulting in the Diet Quality Index for Adolescents adapted for
Brazilians (DQIA-BR) [13]. A previous study using the DQIA-BR indicated that the overall diet
quality of Brazilian adolescents is inadequate in all regions of the country [13], which may
negatively impact the youth health.
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In the adult population, higher scores of diet quality are associated with better metabolic
parameters [14], such as higher values of HDL cholesterol (HDL-c) [15] and lower levels of LDL
cholesterol (LDL-c) [16] and fasting glucose [15]. Studies with adolescents have shown a positive
association of overall diet quality with HDL-c [17-19] and an inverse association with total
cholesterol [17, 18, 20, 21], LDL-c [17, 19-22], triglycerides [17, 19, 21, 23] and insulinemia [22,
24-26]; however, the association with fasting glucose remains unclear [17, 19, 21, 24]. The
relationship between diet quality and metabolic profile among Brazilian adolescents has not been
investigated in a nationally representative sample. In addition, the applicability of the DQIA-BR
regarding health outcomes has not yet been assessed. Therefore, the aim of this study was to
investigate the association between diet quality, assessed by the DQIA-BR, and cardiometabolic

markers in Brazilian adolescents aged 12 to 17 years.

Methods

Study design and sample

The Study of Cardiovascular Risks in Adolescents (ERICA) is a national school-based
cross-sectional multicenter survey that aimed to estimate the prevalence of cardiovascular risk
factors in Brazilian adolescents (aged 12 to 17 years old) enrolled in public and private schools.
Data were collected between February 2013 and November 2014 in a representative sample of
Brazilian municipalities with more than 100,000 inhabitants [27].

A written agreement to participate was obtained from each student, and an informed consent
was signed by their parents or legal guardians. ERICA was approved by the Research Ethics
Committee of the Institute of Studies on Public Health, Federal University of Rio de Janeiro and by
the Ethics Committees of the other 26 federation units in Brazil.

For this study, we used data from Brazilian students who attended schools during the
morning, including students in the integral or semi-integral system, because overnight fasting was
mandatory before the blood sampling. A total of 36,956 adolescents who had complete data
collection including questionnaires, anthropometric measurements, dietary intake assessment and
biochemical evaluation were included in this study (Figure 1). Sample size calculation and sampling

process details can be found in prior publications [27, 28].

Anthropometric measurements
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All the anthropometric measurements were performed by trained researchers, following
written standardized protocols [29]. During this evaluation, the adolescents were wearing light
clothing and no shoes. Body weight was measured once using a digital scale (Lider, S&o Paulo,
Brazil, Model P200M), with 200 Kg of capacity and 50 g of variation. Height was measured twice
using a calibrated portable stadiometer (Alturexata, Minas Gerais, Brazil) with a precision of 0.1
cm. The weight and height measures were used to calculate the body mass index (BMI), defined as
weight (Kg) divided by the square of height in meters (m2). The BMI categories were determined
according to the WHO reference curves [30], considering the sex and age-specific cutoff points to
classify adolescents with normal weight (-2 < BMI z-score < 1), overweight (1 < BMI z-score < 2)
and obesity (BMI z-score > 2). Adolescents classified as underweight (BMI z-score < -2) were not

included. Thereafter, overweight and obesity were combined into one category.

Assessment of cardiometabolic markers

The students were instructed to keep an overnight fast of 10-12 hours before the blood
collection. A questionnaire was applied before the exam to confirm if the students had fasted.
Fasting blood samples were collected for analyses of total cholesterol, HDL-c, triglycerides,
glucose, glycated hemoglobin (HbA1c) and insulin. The LDL-c was estimated indirectly by the
Friedewald equation [31]. The Homeostatic Model Assessment for Insulin Resistance (HOMA-IR)
was obtained using the fasting glucose and insulin values and the pre-established formula: HOMA-
IR = (insulin x fasting glucose)/22.5. All blood samples were analysed by a single laboratory

following a standardized protocol [32].

Dietary intake assessment

To assess dietary intake, a 24-h dietary recall (24hR) was performed in a face-to-face
interview by trained interviewers using the multiple pass method to reduce underreporting of food
consumption [33]. To correct the within-person variability, a second 24hR was collected on a non-
consecutive day in a random subsample of approximately 10% of the total sample [34]. The recalls
were entered directly on a netbook in a software to register food consumption data, the ERICA-
REC24h, which was created specifically for ERICA [35].

The ERICA-REC24h software contained a list of 1,626 food items using the database from
the Brazilian Household Budgets Survey (POF) 2008-2009 [35, 36]. Photographs included in the

software were used to help the adolescents to estimate the size of portions consumed. The
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preparation and quantity of food consumed were also recorded in details. Food items that were not
in the software database were entered by the researchers during the interview. Total energy intake
was estimated considering the Brazilian Food Composition Table [37] and the Brazilian Portion
Size Table [38]. Students who have reported energy intake <100 kcal/day were excluded from the
analyses [39].

Diet Quality Index for Adolescents adapted for Brazilians (DQIA-BR)

The DQIA-BR [13] was adapted from the Diet Quality Index for Adolescents (DQI-A) [10]
and is based on dietary guidelines developed specifically for adolescents [40, 41]. It was also
adapted to the local needs, considering the Brazilian food culture and the information available on
the ERICA’s database. Estimates of usual food consumption, obtained from the second application
of the 24hR, were considered for the calculation of the DQIA-BR [13]. All adaptations are fully
described in a previous study [13]. This index and its components were calculated after the
estimation of usual intake by NCI method, via SAS macros [34, 42].

The DQIA-BR classifies the food into recommended food groups and non-recommended
food groups and evaluates daily diet throughout three dietary components (quality, diversity and
equilibrium). Of all food groups, eight were recommended groups: (1) bread, potatoes and grains,
(2) vegetables, (3) fruits, (4) milk products, (5) cheese, (6) meat, fish and eggs, (7) beans, (8) fats
and oils, and two were non-recommended food groups: (9) snacks and candies and (10) sugared
drinks, fruit juices and alcoholic beverages. For each food group, a different daily intake
recommendation specifically developed for adolescents was provided. The description of these
components and the technical aspects of the DQIA-BR were reported elsewhere [13].

The food groups were analyzed based on the three principal components and the
components were differently weighted; the dietary quality had twice the weight of the other groups
(diversity and equilibrium). The DQIA-BR total score varies from -33% to 100% and comprising
by the means of the three components. A higher score represents higher diet quality.

Covariates

The following variables were considered as covariates: sex, age, skin color (white, black,
brown and yellow/indigenous), type of school (public or private) and geographical area (Northeast,
Southeast, North, South and Midwest). To assess economic status, an economic index, similar to the

one that was implemented in Brazilian demographic census [43], was calculated, including
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possession of specific goods and education of the head of household. This economic index was
categorized in tertiles for the analyses.

Statistical analysis

Descriptive analyses were reported as means and confidence intervals (95% CI) for
continuous variables and percentages for categorical variables. Fasting triglycerides and HOMA-IR
were logarithmically transformed owing to their skewed distributions and presented as geometric
means and 95% CI. To obtain population-representative findings, the ERICA’s sample weights and
complex sample design were considered in all analyses [28].

All estimates were stratified by sex and nutritional status, considering that the diet differs
among adolescents with overweight/obesity and that this group also has higher values of all
cardiometabolic parameters evaluated. Multiple linear regressions were used to analyze the
association between the DQIA-BR and the cardiometabolic markers. The dependent variables were
the cardiometabolic markers and the independent variable was the DQIA-BR. Adjusted models
were constructed with two input levels of covariates. First model was adjusted for sex, age and
socioeconomic status; in the second model, previous variables were kept in the model and total
energy intake, physical activity and sedentary behavior were included. All adjustment variables
were chosen according to the literature [17-26] and only the variables that obtained p < 0.1 in the
crude analysis were included. There was no collinearity between the adjustment variables of both
models.

All data analyses were conducted in Stata software (version 14.0, Stata Corporation, College
Station, TX, USA). All tests were bi-caudal and a p-value below 0.05 was regarded as statistically
significant.

Results

The study sample consisted of 36,956 adolescents (60% girls) and the mean age was 14.6
years. The baseline characteristics of the sample are shown in Table 1. Most of the participants have
brown skin color, studied in public schools and were originally from the Northeast region. Overall,
the prevalence of adolescents with overweight and obesity was 17.6% (95%CI: 17.2; 18.0) and
8.2% (95%Cl: 7.9; 8.5), respectively. The mean total energy intake was 2,312 Kcal/day (95%CI:
2,300; 2,323), 2,156 Kcal/day (95%CI: 2,142; 2,171) among girls and 2,545 Kcal/day (95%CI:
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2,526; 2,563) among boys. The DQIA-BR score ranged from 0.9% to 45.8% and the mean score
was 16.8% (95%CI: 16.6; 17.0), higher among boys (p < 0.001).

Table 2 describes the values of cardiometabolic markers and DQIA-BR scores according to
sex and the presence of overweight/obesity. Overall, adolescents with overweight/obesity had
higher total cholesterol, LDL-c, fasting glucose and HOMA-IR than normal weight adolescents.
This subsample also had lower values of HDL-c and diet quality than normal weight subjects.

While assessing the association between the DQIA-BR score and the cardiometabolic
markers by weight status, DQIA-BR was positively associated with HDL-c and negatively
associated with LDL-c, triglycerides, fasting glucose and HOMA-IR among normal weight girls in
the sociodemographic-adjusted model (see table 3). All associations remained significant in the
behavior-adjusted model. However, among girls with overweight/obesity, in the sociodemographic-
adjusted model, DQIA-BR was positively associated with fasting glucose and HbAlc. After
behavior adjustment, only HbA1c maintained the significant association.

Table 4 shows the association of DQIA-BR score with the cardiometabolic markers among
boys by weight status. Among normal weight boys, DQIA-BR was negatively associated with total
cholesterol and LDL-c in the sociodemographic-adjusted model. After behavior adjustment, only
LDL-c was significantly associated. A similar pattern was observed among boys with
overweight/obesity. In the sociodemographic-adjusted model, DQIA-BR was negatively associated
with total cholesterol and LDL-c. Moreover, after behavior adjustment, both associations remained
significant. For the other cardiometabolic markers, all the 95% CI overlap the unit among boys,

independently of weight status.

Discussion

The present study investigated the association between DQIA-BR and cardiometabolic
markers in a nationally representative sample of Brazilian adolescents. Among normal weight girls,
higher scores of DQIA-BR were associated with better cardiometabolic profile, however no
association was observed among those with overweight/obesity. Among boys, a better quality of
diet was associated with lower concentrations of LDL-c, independently of the weight status, and
with total cholesterol only among those with overweight/obesity.

In a previous study, we showed that Brazilian adolescents’ diet quality is low and with small

variation between groups with lower and higher scores of DQIA-BR [13]. In this context, to
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identify associations between diet quality and metabolic parameters is difficult, especially in cross-
sectional studies based on questionnaires that do not always produce accurate estimates, which can
lead to misclassification. Changes in eating habits or dietary restrictions, both recurring behaviors
among children and adolescents with overweight and obesity [6], can also impair the analyses, as
they can potentially lead to reverse causality in these studies [44]. Another major difficulty is the
estimation of dietary intake, as underreporting may occur when the information is forgotten or when
adolescents avoid reporting foods considered unhealthy. Overestimating may also be present for
some food items [45].

Despite that, in this study, a better quality of diet was associated with better cardiometabolic
profile among normal weight girls, as well as lower LDL-c concentrations in boys. These
observations are important if we consider that prospective studies suggest that cardiometabolic risk
factors present in childhood and adolescence may persist into adulthood, increasing the risk for
premature development of cardiovascular disease and type 2 diabetes [46, 47]. In addition, recent
studies have observed that higher quality of diet is a protective factor for cardiometabolic alterations
and cardiovascular disease among children and adolescents [48, 49]. Our findings are in line with
these evidences and reinforce the idea that low-quality diet is an important modifiable risk factor for
cardiometabolic abnormalities.

In our study, we also observed that normal weight girls had a better lipid profile as dietary
quality scores increased. Among boys, this was observed even independently of weight status. This
finding is consistent with other studies on young subjects that reported positive associations
between dietary quality and HDL-c, and negative associations with other cardiometabolic risk
factors, such as LDL-c, total cholesterol and triglycerides [17, 18, 20, 21]. However, no association
was observed among girls with overweight/obesity. We speculate that null results can be partially
explained by hormonal effects during puberty [50], differences in lipid accumulation between sexes
[51], and even possible unknown lifestyle-related confounding factors [6, 52].

In relation to glucose metabolism markers, our findings among normal weight girls are
consistent with previous studies, indicating that higher quality of diet are associated with lower
values of fasting glucose, HbAlc and HOMA-IR in adolescents. In Chinese young population,
healthy diets are associated with lower levels of fasting glucose [19]. Ambrosini et al., when
assessing Australian adolescents, concluded that diet quality is negatively associated with fasting
glucose and HOMA-IR, regardless of sex [24]. Although the literature constantly shows similar

results among large adolescent populations, in our study, this pattern was observed only in a
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specific portion of our sample, composed of girls with normal weight. Reverse causality may have
attenuated this association among overweight/obese adolescents.

Another interesting result is about insulin resistance. Several studies show negative
associations between diet quality and HOMA-IR [24-26], indicating that better eating patterns may
reflect in lower chances of developing insulin resistance, independently of potential confounders,
including sex, weight status, total energy intake and physical activity. In our study, the results
indicate that higher quality diets are associated with better insulin sensibility among girls with
normal weight; however, among girls with overweight/obesity, this effect was not observed. Studies
have reported that hypercaloric diets, higher adiposity and sedentary behavior are significantly
associated with insulin resistance in adolescents, especially among girls with overweight/obesity
[53, 54]. In agreement with these studies, others suggest that low-calorie diets may be more
beneficial than higher-quality diets to improve the metabolic profile of this specific population [54].

The unexpected results related to glucose metabolism and insulin resistance among girls
with overweight/obesity are also important findings. The prevalence of insulin resistance and
diabetes in children and adolescents is constantly increasing, and individuals with overweight and
obesity are being more insulin resistant than those with normal weight [55]. Only few studies have
investigated blood glucose variation among adolescent populations, but a possible explanation for
our findings may be the pre- and post-pubertal hormonal changes. During puberty, metabolic
changes occur rapidly and dynamically, such as hormonal regulation [50], variations in the
proportion and distribution of body fat [56], and increased insulin resistance [57], especially among
girls [45]. On the other hand, as mentioned above, common difficulties in assessing eating habits,
such as underreporting and dietary modifications, should be considered, especially in this
subsample.

We believe that our study adds to previous findings, showing that the effects of diet quality
on the adolescent metabolism differ according to sex and weight status. Improvements in diet
quality may contribute to decrease the risk of abnormal cardiometabolic risk factors among normal
weight girls. In relation to girls with overweight/obesity, our null results should be interpreted with
caution. The quality of diet may need to be combined with other dietary strategies to weight
reduction in order to improve cardiometabolic profile in this population. Among boys, diet quality
does seem to have a major influence on LDL-c concentration, but was not associated with other

cardiometabolic markers. These findings differ from those reported by many authors [19, 24-26],
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which suggest that diet quality is independently associated with better metabolic parameters. This
reinforces the need of more studies on this issue among adolescents of different settings.

Limitations

Potential limitations of this study must be addressed. A cross-sectional study includes
temporal bias. Some of the covariables analysed were self-reported, which may introduce reporting
bias. Furthermore, a limitation of the food consumption assessment is that the information of only
two days was obtained, and it may not reflect the individual’s real habitual dietary intake. In
addition, the accuracy of collected data using the 24hR may be influenced by reporting bias, as it
depends on the individual's ability to remember everything that has been consumed in the last 24
hours. Also, the total score of DQIA-BR was low, which did not allow us to evaluate the effects of a
very high quality diet on participants’ metabolic profile. Finally, the association of this diet quality

index with sensitive markers, such as inflammation and oxidative stress, was not investigated.

Strengths

The present study has several strengths. It includes a large, national representative and
multiethnic sample of adolescents from a developing country in which diet patterns change a lot
across the country. All the analyses were corrected for the complex sampling design, adjusted for
several potential confounders, and split for sex and weight status. Moreover, DQIA-BR is a specific
tool that assesses the global dietary pattern of Brazilian adolescents, taking into account the
complexity of the human diet and the adherence to specific nutritional recommendations. In

addition, all blood samples were analysed by standardized procedures in one central laboratory.

Conclusion

In conclusion, the available evidence suggests that the DQIA-BR is a suitable tool to
evaluate the association between diet quality and cardiometabolic markers among adolescents.
However, further investigation is necessary to explore the unexpected associations and to evaluate if
increases in DQIA-BR scores may reflect in a better metabolic profile among this population,
especially in the presence of overweight/obesity. In this context, specific regional variations of diet
and dietary behaviors can be considered in combination with quality of diet for trying to better

explain the role of quality of diet on metabolic health among adolescents.
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Figure 1. Flowchart of eligible adolescents. ERICA, 2013-2014.
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Table 1. Characteristics of study participants. ERICA, 2013-2014.

Variables

All
(n=36,956)

Girls
(n=22,170)

Boys
(n=14,786)

Frequency or mean (95%cCl)

Age, years
Skin color, %

Brown

White

Black

Other
Type of school, %

Public

Private
Geographical area, %

Northeast

Southeast

North

Midwest

South
Socioeconomic status (tertile), %

First (lowest)

Second

Third
Cardiometabolic markers

Total cholesterol, mg/dL

HDL-c, mg/dL

LDL-c, mg/dL

Triglycerides (log)*, mg/dL

Fasting glucose, mg/dL

HbAlc, %

HOMA-IR (log)*
Body Mass Index, Kg/m?2
Physical activity, %
Energy intake (kcal/day)
DQIA-BR

14.7 (14.6; 14.7)

47.9 (46.2; 49.7)
39.8 (37.9; 41.7)
7.7 (6.9; 8.5)
4.7 (4.1;5.3)

77.7 (72.3; 82.3)
22.3 (17.7; 27.7)

31.0 (30.5; 31.4)
22.8 (22.4; 23.2)
19.1 (18.7; 19.5)
14.6 (14.3; 15.0)
12.6 (12.2; 12.9)

38.5 (36.6; 40.4)
33.4 (32.1; 34.7)
28.1 (26.6; 29.7)

148.2 (147.2; 149.2)

47.3 (46.7; 47.9)
86.3 (84.5; 86.1)
71.4 (70.1; 72.6)
86.3 (85.9; 86.7)
5.4 (5.4; 5.4)
1.7 (1.6, 1.7)
21.4 (21.3; 21.6)
42.7 (42.2; 43.2)

2312 (2300; 2323)

16.8 (16.6; 17.1)

14.7 (14.7; 14.7)

49.5 (47.5; 51.5)
40.0 (37.7; 42.3)
6.8 (5.9; 7.9)
3.7(3.2;4.3)

78.0 (72.5; 82.7)
22.0 (17.3; 24.5)

31.1 (30.5; 31.7)
23.2 (22.6; 23.7)
18.8 (18.3; 19.3)
15.0 (11.6; 12.5)
12.0 (14.5; 15.4)

42.8 (42.2; 43.5)
31.2 (30.6; 31.8)
26.0 (25.5; 26.6)

152.6 (151.3; 153.9)
49.6 (48.9; 50.3)
87.2 (86.3; 88.1)
72.8 (71.5; 74.1)
85.1 (84.6; 85.6)

5.4 (5.3; 5.4)
1.8 (1.8; 1.9)
21.6 (21.4; 21.8)
29.6 (28.1; 31.1)
2156 (2142; 2171)
14.9 (14.7; 15.1)

14.6 (14.6; 14.6)

46.3 (44.0; 48.6)
39.6 (37.4; 41.8)
8.5(7.4;9.7)
5.6 (4.8; 6.6)

77.4 (72.0; 82.0)
22.7 (18.1; 28.0)

30.7 (30.0; 31.5)
22.3 (21.6; 23.0)
19.5 (18.9; 20.1)
14.1 (13.6; 14.7)
13.4 (12.8; 14.0)

35.5 (34.8; 36.3)
32.6 (31.9; 33.4)
31.9 (31.1; 32.6)

45.0 (44.4; 45.5)
83.5 (82.3; 84.6)
70.0 (68.4; 71.5)
87.6 (87.1; 88.0)
5.4 (5.4; 5.4)
1.5 (1.5; 1.6)
21.2 (21.0; 21.4)
60.8 (58.9; 62.7)

143.8 (142.6; 145.0)

2545 (2526; 2563)

18.7 (18.4; 19.1)

HDL-c: high density lipoprotein; LDL-c: low density lipoprotein; HbAlc: glycated hemoglobin; HOMA-IR:
homeostatic model assessment for insulin resistance; DQIA-BR: Diet Quality Index for Adolescents adapted for

Brazilians.

*Triglycerides and HOMA-IR were log transformed and reported as geometric mean and 95%CI.
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Table 2. Cardiometabolic markers and Diet Quality Index for Adolescents adapted for Brazilians (DQIA-BR) scores of study participants according to gender and the presence of
overweight/obesity. ERICA 2013-2014. (n=36,956).

Girls Boys
(n=22,170) (n=14,786)
Variables Normal weight Overweight/Obesity Normal weight Overweight/Obesity
(n=16,651) (n=5,519) (n=10,759) (n=4,027)

Mean (95%CI)

Cardiometabolic markers

Total cholesterol, mg/dL 151.8 (150.5; 153.2) 154.7 (152.2; 157.2) 141.5 (140.0; 143.0) 149.8 (147.9; 151.8)
HDL-c, mg/dL 50.8 (50.0; 51.6) 46.3 (45.7; 46.9) 46.0 (45.4; 46.7) 42.1 (41.5; 42.7)
LDL-c, mg/dL 85.8 (84.9; 86.6) 91.0(88.9; 93.2) 81.3(80.0; 82.6) 89.2 (87.4; 90.9)
Triglycerides (log)*, mg/dL 4.3(4.2;4.3) 4.4 (4.3;4.4) 4.2 (4.2;4.2) 4.4 (4.4;45)
Fasting glucose, mg/dL 84.6 (84.1; 85.1) 86.4 (85.6; 87.3) 87.2 (86.7; 87.8) 88.4 (88.0; 88.9)
HbAlc, % 5.3(5.3;5.4) 5.4 (5.3;5.4) 5.4 (5.4;5.4) 5.4 (5.4;5.4)
HOMA-IR (log)* 0.5(0.4;0.5) 0.9 (0.9; 1.0) 0.3(0.2;0.3) 0.8(0.7;0.8)
DQIA-BR 14.9 (14.7; 15.2) 14.7 (14.2; 15.1) 19.0 (18.6; 19.5) 17.9 (17.5; 18.3)

HDL-c: high density lipoprotein; LDL-c: low density lipoprotein; HbAlc: glycated hemoglobin; HOMA-IR: homeostatic model assessment for insulin resistance; DQIA-BR: Diet
Quality Index for Adolescents adapted for Brazilians.

*Triglycerides and HOMA-IR were log transformed and reported as geometric mean and 95%ClI.
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Table 3. Association between Diet Quality Index for Adolescents adapted for Brazilians (DQIA-BR) and cardiometabolic markers of cardiovascular and diabetes risk among girls
according to the presence of overweight/obesity. ERICA 2013-2014. (n=22,170).

Normal weight Overweight/obesity

Cardiometabolic markers (n=16,651) (n=5,519)
B 95%_CI p B 95%CI p
Total cholesterol, mg/dL -0.132 -0.268; 0.004 0.058 -0.068 -0.362; 0.226 0.651
HDL-c, mg/dL 0.097 0.039; 0.155 0.001 -0.078 -0.177; 0.020 0.118
LDL-c, mg/dL -0.178 -0.283; -0.074 0.001 0.028 -0.215; 0.272 0.819
Triglycerides*, mg/dL -0.003 -0.005; -0.001 0.003 -0.0002 -0.003; 0.003 0.919
Fasting glucose, mg/dL -0.069 -0.114; -0.025 0.002 0.188 0.020; 0.356 0.029
HbAlc, % -0.0007 -0.003; 0.001 0.493 0.005 0.001; 0.009 0.021
HOMA-IR* -0.005 -0.008; -0.001 0.007 -0.001 -0.006; 0.004 0.714
Model 1: adjusted for sex, age and socioeconomic status
Total cholesterol, mg/dL -0.139 -0.280; 0.002 0.054 -0.059 -0.355; 0.236 0.696
HDL-c, mg/dL 0.088 0.027; 0.150 0.005 -0.075 -0.169; 0.020 0.123
LDL-c, mg/dL -0.179 -0.285; -0.073 0.001 0.035 -0.210; 0.280 0.778
Triglycerides™, mg/dL -0.003 -0.005; -0.001 0.007 -0.0003 -0.003; 0.003 0.868
Fasting glucose, mg/dL -0.056 -0.101; -0.017 0.017 0.183 0.014; 0.353 0.034
HbAlc, % -0.0004 -0.002; 0.002 0.726 0.005 0.001; 0.009 0.024
HOMA-IR* -0.004 -0.008; -0.001 0.025 -0.001 -0.006; 0.004 0.675
Model 2: adjusted for variables in model 1 plus total energy intake, physical activity and sedentary behavior
Total cholesterol, mg/dL -0.149 -0.299; 0.001 0.052 -0.032 -0.369; 0.310 0.854
HDL-c, mg/dL 0.092 0.031; 0.153 0.003 -0.054 -0.150; 0.042 0.273
LDL-c, mg/dL -0.189 -0.303; -0.077 0.001 0.026 -0.255; 0.307 0.857
Triglycerides®, mg/dL -0.003 -0.005; -0.001 0.003 0.0003 -0.003; 0.004 0.869
Fasting glucose, mg/dL -0.061 -0.106; -0.015 0.010 0.167 -0.012; 0.345 0.067
HbAlc, % -0.0001 -0.002; 0.002 0.925 0.005 0.001; 0.009 0.024
HOMA-IR* -0.004 -0.008; -0.001 0.021 -0.001 -0.006; 0.004 0.701

HDL-c: high density lipoprotein; LDL-c: low density lipoprotein; HbAlc: glycated hemoglobin; HOMA-IR: homeostatic model assessment for insulin resistance; DQIA-BR: Diet

Quality Index for Adolescents adapted for Brazilians.

*Triglycerides and HOMA-IR were log transformed and reported as geometric mean and 95%CI.

48



Table 4. Association between Diet Quality Index for Adolescents adapted for Brazilians (DQIA-BR) and cardiometabolic markers of cardiovascular and diabetes risk among boys
according to the presence of overweight/obesity. ERICA 2013-2014. ERICA 2013-2014. (n=14,786).

Normal weight Overweight/obesity
Cardiometabolic markers (n=10,759) (n=4,027)
B 95%_CI p B 95%ClI p
Total cholesterol, mg/dL -0.184 -0.324; -0.044 0.010 -0.402 -0.697; -0.107 0.008
HDL-c, mg/dL 0.006 -0.107; 0.119 0.914 -0.044 -0.141; 0.054 0.380
LDL-c, mg/dL -0.152 -0.271; -0.033 0.012 -0.276 -0.503; -0.049 0.017
Triglycerides*, mg/dL -0.003 -0.006; -0.00003 0.048 -0.003 -0.008; 0.001 0.175
Fasting glucose, mg/dL 0.046 -0.050; 0.142 0.346 -0.052 -0.125; 0.022 0.169
HbAlc, % 0.002 -0.001; 0.004 0.194 -0.001 -0.003; 0.002 0.557
HOMA-IR* 0.002 -0.005; 0.009 0.531 -0.003 -0.009; 0.003 0.346
Model 1: adjusted for sex, age and socioeconomic status
Total cholesterol, mg/dL -0.158 -0.301; 0.015 0.030 -0.364 -0.645; -0.082 0.011
HDL-c, mg/dL 0.020 -0.093; 0.134 0.727 -0.024 -0.121; 0.073 0.625
LDL-c, mg/dL -0.138 -0.253; -0.022 0.020 -0.257 -0.474; -0.039 0.021
Triglycerides™, mg/dL -0.003 -0.006; -0.0003 0.033 -0.003 -0.008; 0.001 0.177
Fasting glucose, mg/dL 0.054 -0.047; 0.155 0.296 -0.045 -0.118; 0.027 0.220
HbAlc, % 0.002 -0.001; 0.004 0.141 -0.00002 -0.003; 0.002 0.987
HOMA-IR* 0.002 -0.004; 0.009 0.506 -0.002 -0.008; 0.004 0.478
Model 2: adjusted for variables in model 1 plus total energy intake, physical activity and sedentary behavior
Total cholesterol, mg/dL -0.110 -0.255; 0.034 0.134 -0.338 -0.611; -0.066 0.015
HDL-c, mg/dL 0.035 -0.075; 0.146 0.529 -0.037 -0.138; 0.063 0.466
LDL-c, mg/dL -0.115 -0.224; 0.005 0.040 -0.227 -0.448; -0.005 0.045
Triglycerides®, mg/dL -0.003 -0.006; 0.0004 0.089 -0.003 -0.007; 0.002 0.287
Fasting glucose, mg/dL 0.058 -0.039; 0.154 0.242 -0.064 -0.131; 0.003 0.060
HbAlc, % 0.002 -0.001; 0.004 0.199 0.0004 -0.002; 0.003 0.762
HOMA-IR* 0.003 -0.003; 0.009 0.334 -0.002 -0.009; 0.004 0.468

HDL-c: high density lipoprotein; LDL-c: low density lipoprotein; HbAlc: glycated hemoglobin; HOMA-IR: homeostatic model assessment for insulin resistance; DQIA-BR: Diet
Quality Index for Adolescents adapted for Brazilians.
*Triglycerides and HOMA-IR were log transformed and reported as geometric mean and 95%CI.
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CONSIDERACOES FINAIS E PERSPECTIVAS

Os resultados deste estudo sugerem que o IQDA-BR é uma ferramenta adequada para avaliar a
associacdo entre qualidade da dieta e marcadores cardiometabolicos em adolescentes. Melhores
escores de qualidade da dieta foram associados a um melhor perfil cardiometabolico entre as meninas
com peso normal, e a menores concentracdes de colesterol total e LDL-c em meninos, independente do
estado nutricional. Este estudo também evidenciou que meninas com peso normal tendem a ter melhor
perfil lipidico a medida que os escores de qualidade da dieta aumentam.

No entanto, a qualidade da dieta dos adolescentes brasileiros € baixa e com pequena variacao
entre 0S grupos com escores mais baixos e mais altos do IQDA-BR. Portanto, é necessaria uma
investigacdao mais aprofundada para avaliar se 0s aumentos na qualidade da dieta podem refletir em um
melhor perfil metabdlico. Além disso, novos estudos devem ser conduzidos a fim de explorar as
associacgdes inesperadas observadas nas analises dessa populacéo.

Os pontos fortes deste estudo incluem a grande amostra nacional representativa e multiétnica
de adolescentes de um pais em desenvolvimento, a utilizacdo do IQDA-BR que é uma ferramenta
especifica que avalia o padrdo alimentar global de adolescentes brasileiros, levando em consideracéo a
complexidade da dieta humana e a adesdo a recomendagfes nutricionais especificas, e 0 ajuste das
analises para varios fatores de confusdo em potencial.

Por outro lado, algumas limitacdes também devem ser destacadas. Este € um estudo transversal
que inclui vies temporal, e algumas das covaridveis analisadas foram autorreferidas, o que pode
introduzir viés de relato. Além disso, para avaliacdo do consumo alimentar, as informacgdes de apenas
dois R24h foram obtidos e estas podem nao refletir a real ingestdo habitual do individuo. Além disso, a
precisdo dos dados coletados usando 0 R24h pode ser influenciada pelo viés de relato, pois depende da
capacidade do individuo de se lembrar de tudo o que foi consumido nas ultimas 24 horas.

A partir desta dissertacdo, novos estudos prospectivos, avaliando amostras nacionalmente

representativas, e incluindo variagdes regionais especificas da dieta e comportamentos alimentares em
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combinacdo com a qualidade da dieta e marcadores cardiometaboélicos, sdo necessarios para elucidar o
entendimento da relacdo existente entre consumo alimentar e perfil metabolico entre a populacéo
adolescente. Adicionalmente, a avaliacdo do consumo alimentar deve ser analisada por maior tempo,

para que a estimativa do real consumo alimentar seja mais precisa.
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